In the appropriate clinical setting, discordance between arterial blood gas and oxygen saturation measured by pulse oximetry, clinician should have a low suspicion for methemoglobinemia. Methemoglobinemia is a life threatening condition which is easily treatable using methylene blue with immediate response.
Learning points for clinician
In the appropriate clinical setting, discordance between arterial blood gas and oxygen saturation measured by pulse oximetry, clinician should have a low suspicion for methemoglobinemia. Methemoglobinemia is a life threatening condition which is easily treatable using methylene blue with immediate response.
Background
Methemoglobin is an oxidized form of hemoglobin where the red blood cell ferrous iron is converted to the ferric state. This results in decreased oxygen carrying capacity leading to tissue hypoxia with potentially severe clinical manifestations and even death in high concentrations. We present the case of a 21-year-old who developed methemoglobinemia due to ingestion of laundry detergent along with Tylenol, which was managed timely with methylene blue.
Case presentation
A 21-year-old female with medical history significant for bipolar disorder was brought to the hospital 4-5 h after she ingested laundry detergent as a suicide attempt. The patient was found to have acute hypoxic respiratory failure with encephalopathy at presentation, needing intubation. A chest X-ray at the time of presentation was unremarkable. She was put on airway pressure release mode of ventilation, however continued to have oxygen saturation in the range of 70-75% on pulse oximetry, and systolic blood pressures in the range of 80s-90s. Initial workup showed hemoglobin of 14.2, WBC count 16.5 and an unremarkable BMP. INR was 1.4, AST/ALT was 68/40. Serum acetaminophen level was 109 lg/ml 5 h after ingestion (normal <20 lg/ml), and salicylate level was 26 (normal <30). She was started on supportive management, intravenous fluids, sodium bicarbonate drip and an N-acetylcysteine. Examination showed bluish discoloration of the perioral area, tongue, ear lobules and acrocyanosis. An ABG showed a pH of 7.61, PaO 2 of 418, PCO 2 of 29. A methemoglobin level was obtained which was found to be 40.1%. She was given methylene blue, 20 min after the administration of which the patient's oxygen saturation readings increased to >90%, and hemodynamics improved. A repeat level 8 h later was 8%. She developed liver dysfunction 14-16 h after ingestion; which improved with conservative management.
Discussion
Household cleaning products including laundry detergents are amongst the top five most common accidental exposures reported by the National Poison data system in 2011. 1 Acetaminophen is also one of the most commonly used over the counter and medically prescribed analgesic and an important cause of intentional and unintentional poisoning throughout the world. 2, 3 In therapeutic doses, 90% of the acetaminophen is metabolized to non-toxic metabolites which are then excreted in the urine. Only 5% is metabolized to electrophile N-acetyl-p-benzoquinone imine (NAPQI) which is toxic, which in turn is reduced via conjugation with glutathione to a nontoxic substance and excreted. In the setting of toxic acetaminophen levels hepatic glutathione stores are exhausted, and NAPQI causes oxidative damage to the liver. Methemoglobinemia is another rare manifestation of Tylenol toxicity likely due to generation of oxidative free radicals.
Methemoglobin is oxidized form of hemoglobin where the red blood cell ferrous iron is converted to the ferric state. In physiological states there is 1-2% methemoglobin in the RBC's. The concentration is kept in check by several pathwaysprimarily NADH-methemoglobin reductase system. 4 When levels of methemoglobin reach >15% they exceed the cellular capacity for reduction. This form is unable to bind oxygen and the presence of methemoglobin increases oxygen affinity in unaffected heme molecules with left shift of the oxyhemoglobin dissociation curve. Very limited data are available over the mechanism of toxicity induced by laundry detergents and the severity is believed to vary by the brand as well. 5 In our case, we believe that the change in pH induced by the oxidant compounds in laundry detergent and possibly Tylenol was responsible for this presentation. If the patient is symptomatic or if the methemoglobin level is >20%, it warrants urgent treatment. The commonly used treatments are methylene blue and ascorbic acid. A single dose of methylene blue reduces toxic levels of methemoglobin to non-toxic levels (e.g. <10%) within 10-60 min, whereas treatment with ascorbic acid requires multiple doses and may take 24 or more hours.
Conclusion
Diagnosis of methemoglobinemia requires a high index of suspicion and should be considered when the patient has cyanosis, when the pulse oximetry saturations do not correlate with the ABG findings with an oxygen saturation gap noted, especially when it fails to improve after administration of 100% oxygen as it is potentially curable with immediate management with relatively cheap methylene blue.
